Platelet-activating factor (1-o-alkyl-2-acetyl-sn-gylcero-3-phosphocholine [PAF]) is one of several autocrine trophic factors supporting the development of the preimplantation embryo. PAF acts on the embryo to induce receptor-mediated intracellular calcium (Ca 2+
) i transients, and these coincide with a marked membrane hyperpolarization. Patch-clamp analysis of 2-cell embryos showed that these Ca 2+ i transients resulted in an outward membrane current. The present study characterizes this current and assesses its role in embryo development. The outward current was dependent upon the presence of anions in the extracellular medium and occurred as a consequence of the PAF-induced Ca 2+ i transients. The anion current induced by PAF was inhibited by niflumic acid (NFA), a selective blocker of Ca 2+ -activated Cl -channels, but this drug did not block the PAFinduced Ca 2+ i transients. Voltage ramp analysis showed that the Cl -conductance was outwardly rectifying and inactivated at holding potentials more positive than +30 mV. Culture in NFA or 4,4 0 -diisothiocyanatostilbene-2,2 0 -disulfonic acid (a broad-specificity anion channel blocker) from the zygote stage significantly reduced development to blastocysts, with most arresting at the 4-cell and 8-cell stages. Niflumic acid exposure only from the zygote to the late 2-cell stage also reduced the subsequent development to blastocysts. By contrast, treatment from the late 2-cell stage or the 8-cell stage had no effect on development to the blastocyst stage. This study demonstrates the activation of a Ca 2+ -sensitive Cl -channel in the 2-cell embryo by PAF and shows that this current activity during the zygote to 2-cell stage is required for normal embryo development in vitro.
INTRODUCTION
It is considered that the normal development of the preimplantation embryo requires the actions of a range of trophic ligands that serve as trophic factors. One role of these factors is to mediate survival signaling within the embryo [1] .
Platelet-activating factor (1-o-alkyl-2-acetyl-sn-glycero-3-phosphocholine [PAF] ) is the best studied of the autocrine trophic factors for the preimplantation embryo [2] . Blocking the actions of PAF on the early embryo in conditions where other trophic ligands are limiting causes a marked loss of embryo viability and developmental potential [3] . This can be partially offset where other ligands are present, and these observations indicate that there may be a significant degree of functional overlap between the various candidate trophic ligands [2, 3] . This being the case, detailed analysis of the actions of a given ligand is likely to be informative of the class as a whole.
De novo synthesis of PAF by the embryo commences soon after fertilization [4, 5] . Exposure of zygotes and 2-cell-stage embryos to endogenous or exogenous PAF causes characteristic transient increases in intracellular calcium (Ca 2þ i ) [6] . These Ca 2þ i transients are not observed in later stages of embryo development. The Ca 2þ i transients induced by PAF are dependent on expression of a known PAF receptor (PTAFR [7] ) that is coupled to a pertussis toxin-sensitive G protein [3] . The generation of the Ca 2þ i transient thus requires the actions of this G protein, phosphatidylinositol 3-kinase (PIK3) [3] , and phospholipase C [6] . PIK3 and phospholipase C act to induce both the release of Ca 2þ from inositol trisphosphate-sensitive intracellular stores and Ca 2þ influx through a dihydropyridinesensitive Ca 2þ channel [6, 8, 9] . Inhibitors of PIK3 or blocking antibodies to PIP3 prevent the PAF-induced Ca 2þ transient and inward Ca 2þ current [9, 10] . Electrophysiological analyses showed that an initial response by the 2-cell embryo to PAF was a small inward Ca 2þ current (approximately À16 pA) that corresponded temporally with the initiation of increasing Ca 2þ i [10] . This inward Ca 2þ current was not voltage sensitive [10] , and it is thought that it cooperates with inositol trisphosphate to induce substantive release of intracellular stores of calcium. The inward current is followed approximately 91 sec later by a larger outward electrical current (approximately 300 pA). This current coincided with the onset of a marked transient hyperpolarization (approximately À8.4 mV) of the embryo's membrane potential (E m ) [10] . The current was dependent upon the presence of extracellular calcium and was blocked by a dihydropyridine (nifedipine). The broad-specificity potassium channel inhibitor tetraethylammonium caused a small reduction in the amplitude of this current, implicating a role for a potassium efflux channel. However, the exclusion of anions from media or treatment with the broad-specificity anion channel blocker 4,4 0 -diisothiocyanatostilbene-2,2 0 -disulfonic acid (DIDS) caused a much more substantial inhibition of the current (approximately 75%) [10] , suggesting that the activation of an anion channel has the primary role in generating this current. The objective of this study was to examine the properties of the PAF-induced outward current, the associated change in E m , and their consequences for normal embryo development. We found evidence that Ca 2þ -activated Cl -channels (CaCCs) make a major contribution to this current. The activity of these channels during the zygote to 2-cell stage was required for normal mouse embryo development to the blastocyst stage in vitro.
MATERIALS AND METHODS

Embryo Collection and Culture
C57BL/6 mice from Gore Hill Research Laboratories (St. Leonards, NSW, Australia) were used for all experiments in this study. Use of animals was approved by the institutional care and ethics committee according to the Australian Code of Practice for Use of Animals in Research. Female mice, aged 5-6 wk, were superovulated by i.p. injection of 5 IU of equine chorionic gonadotropin (Folligon; Intervet International, Boxmeer, the Netherlands), followed 48 h later by 5 IU of human chorionic gonadotropin (hCG) (Chorulon; Intervet International). Females were then paired overnight with males of proven fertility. Day 0.5 of pregnancy was confirmed by the presence of a copulation plug.
All components of media were tissue culture grade from Sigma Chemical Co. (St. Louis, MO). Unless otherwise stated, all media were supplemented with 3 mg/ml bovine serum albumin (BSA) (Fraction V; CSL Ltd., Melbourne, VIC, Australia). Embryos were flushed from the reproductive tract using Hepes-buffered modified human tubal fluid medium (modHTF) [11] , which contained 285 mOsm/kg of the following: 101.6 mM NaCl, 4.69 mM KCl, 0.2 mM MgSO 4 , 0.37 mM KH 2 PO 4 , 21.4 mM Na-lactate, 1.0 mM glutamine, 0.33 mM Na-pyruvate, 2.78 mM glucose, 2.04 mM CaCl 2 , 4.15 mM NaHCO 3 , and 20.4 mM Na-Hepes (pH 7.35).
Zygotes and 2-cell and 8-cell embryos were flushed from the reproductive tract at about 20, 40, and 70 h after hCG injection, respectively, using HepesmodHTF. Cumulus cells were removed from zygotes by brief exposure to hyaluronidase (300 IU/ml). Zygotes and embryos were cultured in groups of 10 (1 embryo/ll) in modHTF medium at 378C under oil in 5% (v/v) CO 2 in air. The zona pellucida was removed from groups of 3-5 two-cell embryos at a time by treatment with 0.5% (w/v) pronase at 378C for 3 min.
Calcium Imaging
Intracellular calcium, ion currents, and E m were recorded by simultaneous calcium imaging and whole-cell patch clamping. All experiments were performed at 36-378C by constant perfusion of the bath solution at a rate of 1 ml/min. Zona-free 2-cell embryos were loaded with 2 lM fluo-3 AM (Molecular Probes, Eugene, OR) in BSA-free Hepes-modHTF perfusion solution containing 0.02% (w/v) pluronic acid for 30 min. After loading, embryos were washed three times in BSA-free Hepes-modHTF and then treated with recombinant plasma-type PAF acetylhydrolase (175 lg/ml; ICOS Inc., Bothell, WA) at 378C for 15 min to degrade endogenous stores of embryoderived PAF [6] . All operations were performed at 378C and were protected from light. Fluo-3 was excited at 480 nm and was detected using a 535/540-nm filter, and fluorescence intensity was recorded. Fluo-3 fluorescence intensities (F) obtained were normalized to initial values (F0) and expressed as relative changes (F/F0).
Electrophysiological Recordings
Standard whole-cell patch-clamp techniques were used to study PAFinduced currents and changes in E m in 2-cell embryos. Patch pipettes were pulled from borosilicate microhematocrit tubes (Modulohm, Herley, Denmark) and had a resistance of 2-5 MX when measured in the KCl-rich pipette and Hepes-modHTF perfusion solutions. A List (Darmstadt, Germany) EPC-7 patch-clamp amplifier was used for voltage-and current-clamping experiments. Currents were low-pass filtered, sampled, and digitized at 0.2 kHz with a MacLab-4 data acquisition interface (AD Instruments, Sydney, NSW, Australia) attached to a Macintosh-IIvx (Apple Computer Inc., Cupertino, CA) computer. Continuous recordings of membrane currents were made in the voltage-clamp mode at a holding potential of 0 mV. Current-voltage relations (IV curves) were recorded before, during, and after the addition of PAF using 1-sec voltage ramps from À100 to þ80 mV. By convention, outward current represents the movement of positive charge out of the pipette (i.e., out of the cell in whole-cell recording mode). An agar bridge (1% [w/v] agar in 150 mM KCl) was used to connect the reference electrode to the bath solution when necessary. Liquid junction potentials between the bath and pipette electrodes were calculated using the Henderson equation [12] and were used to correct holding potentials.
The bath and pipette solutions were changed according to the experimental design. The pipette solution for E m recording contained 283 mOsm/kg of the following: 140 mM KCl, 1 mM MgCl 2 , 10 mM Hepes, 10 mM glucose, 0.5 mM ethyleneglycoltetraacetic acid (EGTA), and 0.01 mM ethylenediaminetetraacetic acid (EDTA) (pH 7.2). For membrane current recordings, the pipette solution contained the following: 115 mM N-methyl-D-glucamine (NMDG), 25 mM NaCl, 1.0 mM MgCl 2 , 10 mM Hepes, 10 mM glucose, 0.5 mM EGTA, and 0.01 mM EDTA (adjusted to pH 7.2 with glutamic acid). The Cl --free bath solution contained 129.75 mM Na-glutamate, 5.06 mM K-glutamate, 0.2 mM MgSO 4 , 0.11 mM Na 2 EDTA, 0.33 mM Na-pyruvate, 1.0 mM glutamine, 2.78 mM glucose, 2.04 mM CaSO 4 , and 20.4 mM Hepes (adjusted to pH 7.4).
Reagents and Treatments
PAF (equal mixture of 1-o-octadecyl/hexadecyl-2-acetyl-2-sn-glyceryl-3-phosphocholine; Sigma Chemical Co.) was prepared as a 1 mg/ml stock solution in chloroform. Aliquots were removed to a siliconized glass test tube and reduced to dryness under a stream of N 2 . PAF was dissolved in HepesmodHTF perfusion solution and used at a final concentration of 372 nM in all experiments. Niflumic acid (NFA) (Sigma Chemical Co.) was prepared daily as a 200 mM stock solution in dimethyl sulfoxide (DMSO) and stored at room temperature; DIDS (disodium salt; Sigma Chemical Co.) was prepared as a 100 mM stock in DMSO. Drug treatments are described in the text. When DMSO was used as the solvent, control medium contained the same concentration of DMSO as the treatment medium.
Total Cell Counts
After either 48 or 96 h of culture, embryos were fixed with 4% paraformaldehyde for 30 min at room temperature and mounted in 5 ll of Vectashield containing 1.5 lg/ml 4 0 ,6 0 -diamidino-2-phenylindole (Vector Laboratories, Burlingame, CA). Embryos were then examined under UV light, and eight layers of images were collected using a confocal microscope (Leica, Wetzlar, Germany). The number of nuclei was counted from each image.
Statistical Analysis
The data are expressed as the mean 6 SEM, with the number of replicates (n) in parentheses. Differences between treatments were compared using Student t-test. Differences between proportions of embryos displaying responses were compared using chi-square or Fisher exact test. and current were performed on 2-cell mouse embryos by whole-cell patch-clamp analyses of embryos loaded with the Ca 2þ -sensitive dye fluo-3. We confirmed [10] that the addition of PAF (372 nM) to the perfusion solution caused a transient increase in the normalized fluo-3 fluorescence (F/F0), representing an increase in Ca 2þ i , which was accompanied by an increase in outward current (Fig. 1A) and a hyperpolarization of the E m (Fig. 1B) . We also confirmed that PAF induced a small inward current (Fig. 1A, inset) before the activation of the larger outward current and that this inward current corresponded to a small membrane depolarization (Fig.  1B) [10] . Both the current and the hyperpolarization were dependent upon the presence of extracellular calcium (Fig. 1C) . It was also confirmed that, compared with extracellular control medium ( Fig. 2A) , the current was almost abolished when medium was devoid of anions ( Fig. 2B ), but the Ca 2þ i transient was still observed under these conditions. This also applied to the proportion of embryos showing the response (Fig. 2C) .
RESULTS
Simultaneous measurements of Ca
Compared with control medium (Fig. 3A) , the addition of the broad-specificity Cl -channel blocker DIDS (250 lM) to the bath solution decreased the size of the outward current (at 0 mV) activated by PAF treatment (P , 0.01) (Fig. 3B ) as reported previously [10] (284 6 59 pA in controls vs. 72 6 21 pA in the presence of 250 lM DIDS). Although DIDS reduced 760 the size of this current, it did not affect the proportion of embryos that displayed a detectable current (P ¼ 0.13) (Fig.  3C ). Most important, treatment of embryos with DIDS had no effect on the incidence of the PAF-induced Ca 2þ i response (P ¼ 0.3) (Fig. 3C) . Given the anion-and calcium-dependence of the current, a role for a CaCC seemed likely. A selective inhibitor of CaCCs, NFA (100 lM) [13] [14] [15] , virtually abolished the PAF-induced change in outward current (P , 0.001) (Fig. 4 , A-C and G), and a current (of reduced size) was observed in only one of 10 recordings. Niflumic acid also significantly reduced the size of the membrane hyperpolarization (P , 0.001) (Fig. 4, D-F) but had no effect on the proportion of embryos with the PAF-induced hyperpolarization (P ¼ 0. 25) or Ca 2þ i response (P ¼ 0.63) (Fig. 4G) . Furthermore, 100 lM NFA had no effect (Fig. 4H) . Perfusion of the bath solution with medium containing 100 lM NFA had no effect on the resting E m (À17.9 6 2.0 mV in control vs. À15.7 6 2.6 mV in NFA, P ¼ 0.26 [n ¼ 7] ). Perfusion with medium containing 250 lM DIDS, however, caused the resting E m to show a small hyperpolarization from À15.3 6 1.4 mV to À19.7 6 1.9 mV (P ¼ 0.02 [n ¼ 7] ). This observation suggests that a DIDSsensitive channel was active in the resting state. The electrophysiological properties of this PAF-induced outward chloride current were characterized by applying a voltage ramp from À100 to þ80 mV before, during, and after the PAF-induced increase in outward current response. Before the addition of PAF, the IV curve identified the current to be outwardly rectifying (i.e., current was more readily passed out of the cell than into the cell) and was reversed at À17.5 mV (Fig. 5B) . Following the addition of PAF, the IV curve was recorded at the peak of the current transient (Fig. 5A, time 2) . The IV curve at this time showed an increased outward current at positive voltages (but only a small increase in inward current at negative voltages) and a shift in the reversal potential to a more negative potential (À38 mV) (Fig. 5B) . After completion of the PAF response, the IV curve recorded was similar to the control IV curve. Subtraction of the control IV relation from the IV relation recorded during the PAF response gives the component of the IV relation that can be attributed to the PAFinduced current (Fig. 5C ). The mean IV curve for the PAFinduced current obtained from 10 separate 2-cell embryos is shown in Figure 5D . This IV curve shows inactivation of the current at voltages more positive than þ30 mV and a reversal potential of À57.3 6 4.1 mV (n ¼ 10), which was close to the equilibrium potential for chloride under these conditions (À69 mV) [16] . The addition of NFA to the bath solution prevented the PAF-induced increase in outward current and caused a shift in reversal potential to À44.5 6 2.0 mV (P ¼ 0.026 [n ¼ 6]) (Fig. 5D) .
To investigate the possible involvement of the Ca 2þ -activated Cl -current in the trophic action of PAF, we examined the effect of the Cl -channel inhibitors NFA and DIDS on the development of embryos in culture. Treatment of embryos from the 1-cell stage with NFA at concentrations shown to inhibit the PAF-induced Cl -current (25, 50, and 100 lM) (Fig. 4H) significantly reduced development to the blastocyst stage (P , 0.001) in a stage-dependent manner (Fig. 6A) . Treatment of embryos from the 1-cell stage with 12.5 lM NFA, a concentration that did not block the Cl -current, had no effect on embryo development. In those embryos that did develop to the blastocyst stage after 96 h of culture in medium containing NFA, the average number of nuclei present was significantly less than the number in control embryos when 50 lM NFA and 100 lM NFA were used (Fig.  6B) . Because the PAF-induced Ca 2þ response is only present in the late zygote and 2-cell stage [6] , a further experiment was performed whereby zygotes were treated with NFA for 30 h (throughout the zygote and 2-cell stage) and then cultured in the absence of NFA for a further 66 h. Under these conditions, NFA still reduced the proportion of embryos that developed to the blastocyst stage (P , 0.001) (Fig. 6C) . In contrast, treatment of embryos with 100 lM NFA from either the late 2-cell (Fig. 7A ) or 8-cell stage (Fig. 7B ) had no effect on development to the blastocyst stage (P . 0.05). Similar results were obtained when embryos were cultured in medium containing 250 lM DIDS. Treatment for 96 h from the 1-cell stage reduced development to the blastocyst stage (P , 0.001) (Fig. 6D) , whereas treatment from the late 2-cell stage had no effect on development (P . 0.05) (Fig. 7C) . Combined NFA and DIDS treatment from the 2-cell stage also had no effect on (Fig. 7D) . These findings indicate an important role for activation of a PAF-induced Cl -current in the normal development of the preimplantation embryo.
DISCUSSION
This study identified a role for calcium-activated Cl -currents in the 2-cell embryo's response to PAF. The activation of this current, acting in concert with a K þ current, induced a marked transient hyperpolarization of the embryo's E m . Inhibition of Cl -current reduced the normal development of the embryo beyond the 4-cell stage in vitro, indicating an important role for this current (or the consequent hyperpolarizations) for normal embryo development. Both the Cl -current and the hyperpolarization were consequential of the PAFinduced Ca 2þ i transient. Membrane hyperpolarization is often mediated by the actions of Ca 2þ -activated K þ (KCa) channels, and PAF is known to activate this class of channel in some cells [17, 18] . In 2-cell embryos, the current could be partially blocked by tetraethylammonium (a broad-specificity inhibitor of KCa channels) [10] , but a current was still observed when a pipette solution containing the impermeant cation NMDG þ was used. This suggested that only a minor part of the PAF-induced current was due to K þ efflux from the cell. Hyperpolarization of a cell's E m can also result from Cl -influx into the cell. The following observations confirm the involvement of Cl -influx as the major component of this inward current: 1) the reversal potential of the PAF-induced current was close to the equilibrium potential for Cl À , 2) the size and incidence of the current were reduced in the absence of extracellular anions, and 3) the current was inhibited by treatment with the Cl À channel blockers NFA and DIDS.
One important mechanism for generation of a Cl -current is the operation of CaCCs. The almost complete inhibition of this current by the selective CaCC blocker NFA and the calcium dependence of the current show that the activation of a CaCC is the major mechanism of Cl -influx in the PAF-induced current in 2-cell embryos. The study of these channels is limited by their molecular characterization and a relative paucity of highly selective blockers. Niflumic acid is a widely used inhibitor of CaCCs and was a very effective inhibitor of PAF-induced currents in this study. A less effective inhibitor of PAF-induced responses is DIDS, which inhibits some CaCCs, as well as volume-sensitive Cl -channels and some of the voltage-gated Cl -channels [15] . Although NFA is generally considered to be a selective blocker of CaCC, it is reported in some settings to also block large-conductance KCa channels [19] , as well as inhibit cyclooxygenase 2 [20] . The form of patch-clamp analysis performed excluded the possibility of K þ channel involvement, and the early embryo is reported to not express cyclooxygenase 2 before the 8-cell stage [20] , when NFA was used. Therefore, it is likely that the actions of NFA reported herein are attributable to its actions on a CaCC.
In most cell types, the resting E m is determined by the conductance of K þ ions; hence, the resting cell potential is usually around À60 mV. By contrast, in early mouse embryos Cl -and Na þ appear to be major determinants of E m [21] . Twocell embryos have a low resting E m of between À20 and À30 mV (depending on the phase of the cell cycle [10, 22] ) and a low intracellular Cl -concentration (8 mM) [16] . Therefore, activation of a CaCC by PAF would cause E m hyperpolarization, as we observed. CaCCs were inactive in the resting 2-cell embryo because NFA had no effect on the resting Em, whereas DIDS caused a small but significant hyperpolarization of the resting E m . This suggests that voltage-and/or volume-sensitive Cl -channels were active in the resting 2-cell embryo. The E m hyperpolarization that occurred as a consequence of the PAFinduced outward current was reduced in size by CaCC inhibition with NFA. However, a change in E m was still observed in a large proportion of NFA-treated embryos, suggesting that both Cl -and K þ conductances were responsible for the E m hyperpolarization, with the Cl -current providing the major component.
Transient membrane hyperpolarizing events have also been reported to occur as a consequence of fertilization. Fertilization-induced oscillations in [Ca 2þ ] i are accompanied by hyperpolarizations of the E m [23] [24] [25] , which are thought to be caused by activation of a Ca 2þ -dependent K þ conductance [25] [26] [27] . Sperm factor has also been shown to cause a change in Cl -conductance in mouse eggs [28] . During each mitosis of the mouse embryo, the resting E m becomes more hyperpolarized, possibly due to the activation of a large-conductance K þ channel at this time [22, 29] . Although Ca 2þ i transients occur during the first mitosis in embryos [30] [31] [32] , it is unknown whether they are accompanied by transient changes in E m .
In the preimplantation embryo, Cl -channels are known to have important roles in volume regulation and blastocyst expansion, where they are involved in vectorial transport of water and electrolytes across the trophectoderm [33] [34] [35] . Exposure of zygotes and 2-cell embryos to hypotonic medium activates a regulatory volume decrease, which involves both Cl -and K þ channel activation [36] . The swelling-activated Cl -current (I Cl,swell ) is regulated in a cell cycle-dependent manner in the 2-cell embryo and is blocked by 100 lM DIDS and 5-nitro-2(3-phenylpropyl-amino)benzoate [37, 38] . Although the 50% inhibitory concentration (IC50) for DIDS inhibition of I Cl,swell in embryos has not been determined, in other cell types the IC50 is 10-50 lM [39] . In addition to blocking I Cl,swell , DIDS also inhibits the Cl -/HCO 3 -exchanger that is present during early embryonic development (IC50, 4-22 lM) [33, 34, 40, 41] . Although the Cl -/HCO 3 -exchanger is an important mechanism for maintenance of intracellular pH in the early embryo, it is not normally active during development or blastocyst expansion [33] . Thus, our finding that 250 lM DIDS failed to block development when embryos were treated from the 2-cell stage confirms previous observations of a lack of effect on blastocyst development of either 100 or 500 lM DIDS [33, 35] . However, 500 lM DIDS does decrease the rate of blastocyst re-expansion after collapse, presumably due to activation of the Cl -/HCO 3 -exchanger under these conditions [34, 40] . A previous study [21] examined the effect of DIDS on development from the zygote stage and found that development to the 2-cell stage was reduced, which is contrary to our present findings and those by others [42] . In the previous study [21] , DIDS was used at very high concentrations (1 mM), raising some question about the selectivity of the effect. At higher concentrations, DIDS also inhibits CaCCs (IC50, 100-200 lM) [39] . Thus, in the present study we found that 250 lM DIDS decreased development to the blastocyst stage when zygotes and 2-cell embryos were treated with the drug, suggesting that DIDS was inhibiting the CaCC that is active at this stage. Niflumic acid is a more potent inhibitor of CaCCs (IC50, 5-10 lM) than DIDS, and higher concentrations of NFA are required to block I Cl,swell (IC50, 100-200 lM) [39] . In the present study, we demonstrated that the IC50 for inhibition of the PAF-induced CaCC was similar to that in other cells (approximately 18 lM). Furthermore, the concentration dependence of the inhibition of the PAF-induced current by NFA was the same as that for the inhibitory effect on development, showing that the activity of the CaCC during the first two cell cycles is necessary for normal development in vitro.
Chloride CHLORIDE CHANNEL ACTIVITY AND EMBRYO DEVELOPMENT 765 induced exocytosis in some cell types [43] . Cl -influx into organelles is required for vesicle acidification [44] and thus vesicular maturation and priming before exocytosis can occur. In some cell types, increased [Cl -] i is required for exocytosis, while in others a decrease in [Cl À ] i enhances exocytosis. The molecular identity of CaCCs was controversial until recently, when TMEM16A (anoctamin 1 [ANO1]) was proposed as an encoder of CaCC proteins [45, 46] , including those activated upon fertilization of amphibian oocytes [47] . The present results indicate that detailed analyses are warranted of the roles of trophic factor activation of CaCC, KCa channels, and the consequent membrane hyperpolarization in the development of the early embryo.
To our knowledge, this study provides the first evidence for the activation of a calcium-activated Cl -channel as a consequence of trophic ligand signaling in the early embryo. We show that the current causes a marked transient hyperpolarization of the embryo's E m and provides evidence for a critical role for this channel activity in normal embryo development. This suggests even greater complexity in the embryo's response to this autocrine trophic ligand and further elucidates the complex network of pleiotypic responses that serve to promote survival of the embryo. 
